Fuzzy objective function-based clustering methods are proved to be fast tools for classification and segmentation purposes. Unfortunately, most of the available fuzzy clustering methods are using the spherical or ellipsoidal distances, which are proved to ksult in spurious clusters, when working on color data. In this paper, a general case of clustering i s discussed and a general method is proposed and its convergence is proved. Also, it is proved that the FCM and the FCV methods are special cases of the proposed method. Based on the general method, a special case for color image processing is proposed. The clustering method is based on a likelihood measure, and is proved to outperform the Euclidean and the Mahalanobis distances, in color fields.
I. INTRODUCTION
As a non-hierarchical clustering method, fuzzy clustering, has proved to be efficient in clustering a set of given vectors into a few homogenous groups [I]. The fuzzy clustering is becoming more popular because it produces the crisp results when needed [Z] . Also, fuzzy clustering is less prone to falling into local optima than the crisp clustering algorithms [3].
The idea of fuzzy clustering came from the Hard CMeans (HCM) method proposed by Ruspini (1969) 7] , which uses the covariance matrix of the data to capture ellipsoidal properties of the clusters (Mahalanobis distance). After that, the Gath-Geva(GG) method used the same distance 181. Other contributions in this field, include the fuzzy c-varieties(FCV) and fuzzy c-elliptotypes(FCE) [SI, fuzzy cspherical shells [ 101, clustering algorithms based on volume criteria 1111 and fuzzy and possibiIistic shell clustering [12] . In 1993, Krishnapuram for all coming stages. Thus, using this method, J ( X , @ ) is going towards a minimum point, and never gets oscillated. The halting test of the algorithm is easily derived in terms of the cluster parameters, not changing. Note that rather than FCM, other methods like GK, FEC, and FCV, are special cases of the proposed general clustering method.
rithm. An extension to the FCM is the Gustafson-Kessel(GK)
method [
D. Color Clustering
As stated in Section I, the LPRE distance defined as !€f(C',[if,Gl) = Il(Z--$) -#(Z-$V'1I2, results in a good subjective clustering of color vectors. In this approach the cluster model is a cylinder with the central axis having $ and parallel with 5. Also, the dual function T(X) computes the fuzzy expectation and the first fuzzy principal component of X as new values of fl and V', as discussed in Section 11-A. It must be emphasized that this formulation results in a special case of the FCV method setting T = 1 [9] . We propose putting a threshold ( E ) on the changes of the coordinates of cluster centers as the halting condition, as used generally in the fuzzy clustering theory [l].
E. Calor Segmentation
Clustering the image I, into c clusters using the method The main benefit of using j i over Ji is the smoother resulting segments. The crisp segmentation result is obtained using the maximum likelihood and we propose to use a simple averaging kemel for smoothing.
EXPERIMENTAL RESULTS
The tests are performed using a Pm 1600MHz personal computer with 256MB of RAM on a large digital image archive, containing professional photographs and standard images. All samples are medium sized (512 x 512), highquality P E G images in RGB format. Figure 1 shows some of the test images. Figure 2 shows the results of the proposed segmentation method with the c parameter shown in Table I . In this table, tl shows the time elapsed by the proposed method, while t 2 shows the lime elapsed by the conventional FCM. Here, the radius of the convolution kernel is selected to be 5. Investigating Table I , the low computational cost of the proposed method is clear. Figure 3 shows the segmentation results produced by the conventional FCM. Comparing the results of the proposed segmentation method and the FCM, reveals the performance of the proposed method. While for Figures I-a, 1-b , and 1-c, the results of the two methods are almost the same, both in the spatial domain and the spectral domain, considering the results on Figure 1 -d is important. The FCM has failed to distinguish between the two red and yellow cloths, because of their close spectral zones. Also, in the Figure I -e, the FCM has classified the apple and the cucumber in the same group and in the case of Figure I -g, the FCM has gathered some parts of the chimney and the red ribbon in the same group, also the grass and some parts of the sand. In Figure 1 -h, the FCM has failed to separate the points belonging to the wall and the kerchief, while in all these cases the proposed method has resulted perfect. In Figures I-i and 1-j, there are mistakes in the segmentation results of the FCM, in distinguishing the face and the cloth and classifying the blue shades of the sky in the windows and the balcony ceils, respectively. In Figure 1 -k the FCM has not been able to partition the flowers completely, compared to the perfect results of the proposed method. Also, investigate the poor segmentation results of the salad image in Figure 1-1 , in which the carrot and the vegetables are put in the same class. Table I shows that the proposed method is most of the times faster than the FCM.
IV. CONCLUSIONS
Although, researchers generally use the Euclidean and the Mahalanobis-based clustering and segmentation methods, in this paper we proved that the color clusters in typical images are neither spherical, nor ellipsoidal in all 12 tested standard color spaces. A new general fuzzy clustering method is proposed for arbitrary shapes of clusters and its convergence is proved mathematically. It is proved that the well-known FCM clustering method is a special case of the proposed method. Also, a new fuzzy clustering method is proposed for color images and it is proved to be highly efficient. Also, its subjective perception is shown to be satisfactory. Based on the proposed clustering method, a new fast and efficient segmentation method is proposed and its performance is evaluated.Tthe performance analysis comparison of the proposed segmentation method and the FCM, proved the superiority of the FCM in color fields.
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